The thermal characteristics of a thin film VCSEL are studied both theoretically and experimentally.
Summary
To relieve packaging difficulty, we have developed the fully embedded board-level optical interconnection system which is also depicted in Figure 1 [1] [2] [3] [4] . All the optoelectronic components including VCSEL array, PIN-PD array, 45 o coupling mirrors and planar polymer waveguides are integrated within the 3-D interconnection layers during the conventional PCB fabrication processes. In this architecture, however, the self-heating effect of the vertical-cavity surface-emitting laser (VCSEL) causes the critical concerns in the system reliability since integrated VCSEL arrays are surrounded by such thermal insulators as optical polymer films and PCB bonding materials (prepreg or pressuresensitive-adhesive film). Because the operating lifetime of VCSEL decreases exponentially with temperature [5] , the thermal management of the embedded VCSEL arrays is one of the prime concerns in the fully embedded optical interconnection system. Due to the self-heating effect of VCSEL, the temperature of active region rises relative to the heat sink. To achieve maximum VCSEL reliability in the fully embedded structure, it is imperative to control VCSEL temperature during operation. The ratio of temperature rise ( T ∆ ) to the net dissipation power ( diss P ∆ ) is defined as the thermal resistance ( ). The thermal resistance is given by
where ∆λ is the wavelength shift. Measured wavelength temperature variation ( 
